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Abstract
Nowadays, small satellite and lean satellite projects proliferate worldwide. Many countries, 
especially emerging countries, try to enter the space sector through development, launch and 
operation of small satellites. For those countries to initiate sustainable space programs, however, 
there are barriers such as lack of funding and infrastructure and underdeveloped human resource. 
They seek collaboration with institutions in space faring nations to build indigenous space capability. 
Since 2009, Kyushu Institute of Technology (Kyutech) has been engaged in space-related capacity 
building and international cooperation in the area of small/lean satellites. In 2011, Kyutech launched 
a long-term fellowship program partnering with the United Nations Office for Outer Space Affairs 
(UNOOSA). Based on the success of the first two years, Kyutech expanded the program significantly 
in 2013, launching a new post-graduate program, Space Engineering International Course. This 
paper provides an overview of the university-based model adopted by Kyutech to promote the capacity 
building and human resource development in emerging countries. The paper compares various 
approaches toward the capacity building. 
Keywords:  Capacity Building; Human Resource Development; Space Engineering Education; Lean 
Satellites; Small Satellites; Emerging Countries
1  Introduction
The barrier to space access is falling. Despite issues such as lack of funding, apathetic 
political support, limited technology, lack of expertise, and underdeveloped human 
resources, over 30 new countries are projected to achieve space access this decade 
[1]. Small satellites are lowering this barrier to space for emerging countries. The 
number of small satellites launched annually has increased by an order of magnitude 
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since 2011, and the global market for satellites less than 50kg is projected to grow 
from ~$700M USD in 2014 to ~$2B USD by 2019 [2]. Many of these satellites can be 
categorized as “lean satellites” that employ untraditional risk-taking development 
approaches to achieve low-cost and fast-delivery with small teams. Utilizing the 
advantages of lean satellites, emerging countries and institutions can now much 
more quickly cycle through design, development, launch, and operation [1].
There are various models designed to provide support for small and lean satellite 
activities, such as programs conducted by established space agencies, purchases from 
private companies, commercial training packages, university-based practical 
education, etc. Numerous direct and tangential benefits can be leveraged in the 
process. Space faring nations and established space institutions have both for-profit 
and non-profit incentive to contribute to basic space technology and human resource 
development in emerging countries. However, emerging countries are not equipped to 
reap the benefits of space access by simply launching or operating a small or lean 
satellite. These launches are crucial but not sufficient first steps to initiate value-
added space programs. The personnel and workforce must be adequately equipped to 
propagate sustainable space activities within their home countries.
This paper concerns Kyushu Institute of Technology’s university-based model to 
enhance space-related capacity building and human resource development in 
emerging countries worldwide, and discusses advantages and disadvantages of 
alternative approaches. A related publication [1] by the authors that has been 
submitted for review gives an overview of space-related activities in various emerging 
countries and categorizes countries in nine regions worldwide according to level of 
satellite activity. In Sec. 2 we provide the project background; in Sec. 3 we describe 
our university-based model for capacity building; in Sec. 4 we discuss implications of 
lean satellites; Sec. 5 is discussion on capacity building intent and alternative 
approaches and Sec. 6 is the conclusion.
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2  Project background
2.1  Kyushu Institute of Technology
Kyushu Institute of Technology (Kyutech) is a Japanese national university founded 
in 1909. Kyutech is located in the city of Kitakyushu, which has a population of over 
1 million people and is known as the birthplace of Japanese modern industry. Since 
1993, Kyutech has provided space engineering education in Japanese to undergraduate 
and graduate students under the Department of Mechanical and Control Engineering. 
In 2004 Kyutech established a new research center, the Laboratory of Spacecraft 
Environmental Interaction Engineering (LaSEINE), to study and develop technology 
to overcome engineering challenges in the space environment. In 2010 a new research 
division, the Center for Nanosatellite Testing (CeNT) was added to LaSEINE. With 
the exception of radiation testing, CeNT provides all environmental tests necessary 
for the development of small satellites and satellite components with size and weight 
up to 50cmx50cmx50cm and 50kg, respectively. CeNT is staffed by Kyutech professors, 
researchers, and professionals who have extensive practical and theoretical testing 
experience, and since its inauguration CeNT has provided or is providing environmental 
tests to over 20 Japanese and international satellites.
 Since 2011 Kyutech and United Nations Office for Outer Space Affairs (UNOOSA) 
have been offering long-term fellowships on nanosatellite technologies to foreign 
post-graduate students. In 2013 the fellowship programme expanded, and Kyutech 
established an English-based degree curriculum, the Space Engineering International 
Course (SEIC), open to fellowship and non-fellowship Masters and Doctoral students. 
Additionally, Kyutech and LaSEINE have been developing the HORYU nanosatellite 
series since 2006, successfully launched and operated HORYU-II in 2012 [3, 4], and 
anticipate launching HORYU-IV in 2016.
The combination of these activities has positioned Kyutech for space-related 
collaboration with foreign institutions worldwide.
2.2  Project overview
The primary objective of Kyutech’s space-related capacity building project is to 
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educate and train engineers and students from countries with limited space/satellite 
capacity such that participating individuals are capable of returning the skills and 
knowledge gained to their home countries or institutions.
Kyutech’s space-related capacity building project took hold in 2013 upon receipt of 
funding from the Japanese government for 30 post-graduate fellowships dedicated to 
students from non-space faring nations1). This joint United Nations/Japan fellowship 
programme is named Post-graduate study on Nano-Satellite Technologies (PNST). 
PNST allows Kyutech to award six fellowships per year for ﬁve years (2013 to 2017) 
to nationals of developing countries or non-space faring nations. PNST students 
relocate to Kyutech and enroll in SEIC to study space engineering and satellite 
technology.
Recruiting an equal number of self-funded2) students alongside the PNST fellows 
was established as a parallel priority. Optimal PNST and self-funded candidates 
typically fall into one of the following three categories:
1. Engineers who belong to space agencies or space-related companies
2. University students likely to return to home country to start/lead satellite 
programs
3. Individuals from institutions interested in joint research or training 
opportunities
Optimal candidates are also highly motivated leaders, academically strong, and 
committed to utilizing newfound expertise in their home country or region.  Kyutech 
does not mandate PNST or self-funded students to return home to work or research 
following completion of their degrees3), although it is strongly encouraged. Kyutech 
understands that no relevant or desirable opportunity may exist locally for students. 
1) According to fellowship requirements “countries without an established substantial capability to 
develop space technology/launch space objects”
2) Financially supported by home country, home institution, or other non-Kyutech means
3) Sending institution or funding institution may impose such requirements
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Accordingly, a major component of Kyutech’s capacity building project is to initiate 
and establish sustainable partnerships with space-related institutions worldwide 
that are committed to active space-related projects and initiatives.
Traveling to local institutions simultaneously allows seminars with prospective 
students, direct assessment of facilities and infrastructure, and enhanced professional 
relationships. This approach has been employed in Africa, the Middle East, Central/
North America, South America, Eastern Asia, Southern Asia, Southeast Asia, and 
Oceania in the prior two years.
To summarize, the goals of the project are to recruit students, assess local conditions 
first-hand, establish partnerships, and continually lower the barrier to space.
2.3  Motivation
 Emerging countries worldwide can benefit technologically, economically, and 
socially from domestic space-related activities [5–7]. However, limited resources and 
lack of know-how prevent many non-space faring nations from initiating space 
projects, much less building sustainable space or satellite programs [8]. By focusing 
on human resource development through hands-on satellite projects Kyutech is able 
to directly address an inhibit common to nearly all early-stage satellite projects in 
target countries. Kyutech is a relatively young in this field. Numerous entities exist 
as mentors to emerging space nations. For example:
- APRSAF (Asia-Pacific Regional Space Agency Forum)
- APSCO (Asia-Pacific Space Cooperation Organization)
- EAPSI (East Asia and Pacific Summer Institutes)
- IAF (International Astronautical Federation)
- ISU (International Space University)
- SGAC (Space Generation Advisory Council)
- UNISEC (University Space Engineering Consortiums) 
- UNOOSA (United Nations Office for Outer Space Affairs)
- Established space countries such as China, France, Japan, USA, etc.
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- Private companies such as Lockheed Martin and many others
- Space agencies such as NASA, ESA, JAXA, etc.
- Universities such as University of Surrey and California Polytechnic State 
University
 All involved institutions have either for-proﬁt or non-proﬁt incentive (or both) to 
contribute to basic space technology and human resource development in emerging 
markets. Kyutech seeks to add value to the global community effort through its own 
university-based training model. The Kyutech model is described in Sec. 3. Kyutech 
is a non-proﬁt educational institution. However, it must be stated that multiple 
aspects of Kyutech’s space-related capacity building project are directly supported by 
the Japanese government.
The domestic satellite market in Japan is limited, and Japan has incentive to sell 
satellites to other countries as infrastructure exports. In doing so training of local 
engineers is crucial. This training can be accomplished by JAXA, private companies, 
domestic universities, or a combination thereof. For example, in 2011 Mitsubishi 
Electric Corporation signed a contract with Turkey for two communications satellites 
and training of Turkish engineers was performed at Mitsubishi facilities in Japan 
[9, 10]. In another case in 2011, NEC Corporation was awarded two remote sensing 
satellite orders from Vietnam [11], with the ﬁrst satellite to be built in Japan, and the 
second in Vietnam, with training of Vietnamese engineers to be conducted at multiple 
Japanese universities (including Kyutech).
Kyutech’s capacity building program is also constructive to Japanese diplomacy, as 
outlined earlier this year in Japan’s new 10-year space development policy the “Basic 
Plan on Space Policy.”
2.4  Objectives
Objectives of Kyutech’s space-related capacity building project are considered in 
the context of participating individuals, participating institutions/countries, 
UNOOSA, Kyutech, and Japan. Objectives for each of the ﬁve stakeholder categories 
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are listed below: 
1. Participating individuals
(a) Earn graduate degree
(b) Advance career and earning potential
(c) Acquire skills necessary to initiate and lead satellite project
(d) Access top-notch research laboratories and satellite development/
testing centers
2. Participating institutions/countries
(a) Staff training
(b) Human resource development
(c) Joint space-related research opportunities
(d) Satellite testing services and launch opportunities
3. UNOOSA (from [12])
(a) Respond to the growing interest in many countries to establish 
indigenous capacities in basic space technology
(b) Address the increasing role of small (nano-) satellites for education, 
basic space science and for operational application
(c) Assist countries to ensure adherence to the relevant regulatory 
frameworks and promote the use of standards
(d) Promote international cooperation and information exchange in 
capacity building in basic space technology
4. Kyutech
(a) Increase horizontal breadth and vertical depth in space research
(b) Increase research and student funding
(c) Improve academic recognition and reputation internationally and 
domestically
(d) More robust in-house satellite projects
(e) Broader national and international collaboration
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5. Japan
(a) Enhance space-related economic viability
(b) Achieve strategic objectives
(c) Strengthen diplomatic ties
2.5  Expected signiﬁcance
 The direct significance would be for all five major stakeholders to accomplish the 
objectives listed in Sec. 2.4. Progress made thus far is quantified in Sec. 3. Tangential 
significance includes improving the overall reliability of small and lean satellites 
missions, proliferation of successful lean satellite projects, and intercultural 
benefits.
In 2013 and 2014 combined over 200 CubeSats were placed into orbit, yet over 
45% are presently inoperable (note: includes CubeSats that have reentered the 
atmosphere) [13]. The community estimates the in-orbit success rate of university-led 
CubeSats to be around 50%. Kyutech aims to equip students and trainees with the 
capability to improve in-orbit success rates of future satellite missions. Proliferation 
of increasingly successfully small and lean satellite projects may in turn lead to 
de-facto space qualification of numerous commercial-off-the-shelf (COTS) parts 
and components, in turn accelerating future, more successful projects. Kyutech’s 
capacity building project also seeks to develop global engineers possessing profound 
intercultural communication and systems engineering prowess. This applies to both 
Japanese and foreign participants. At present less than 1% of Kyutech undergraduate 
students are foreign, and only ∼10% of graduate students. This project is increasing 
the number of  foreign graduate students and requires substantial teamwork between 
various cultural groups. Economic benefits may stem from global competency of the 
workforce.
3  Kyutech’s university-based model for space-related capacity building
 Many dozens of universities are now utilizing satellite projects as official educational 
tools. Some universities have been doing so for decades, such as the University of 
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Surrey and the University of Tokyo. Kyutech’s model seeks to inﬂuence space-related 
capacity building worldwide through requirements inherent to all satellite projects: 
space environment testing and launch opportunities.
Kyutech’s model emphasizes laboratory research for practical space engineering 
applications, space environment testing on small4) satellites, and hands-on 
responsibilities in satellite projects having bona fide launch opportunities. Students 
and engineers engage in these three activities throughout their multi-year graduate 
degrees.  In doing so participants come to understand the infrastructure necessary 
for various levels of satellite activity.
 Under this model Kyutech is engaging countries worldwide in a five-pronged 
approach to develop satellite capability and accomplish the objectives listed in Sec. 
2.4. The approach consists of the following five elements:
1. Assessment of local conditions, infrastructure, and resources
2. Education and human resource development
3. Official agreements to spur collaboration
4. Low-cost and fast-delivery satellite testing
5. Assistance with launch opportunities
To achieve 1, the authors spend ∼4 months on travel in ∼20 countries per year. The 
trips consist of student recruitment, initiating partnerships and collaboration, and 
negotiating over personnel training and education, satellite testing, joint launch 
opportunities, and joint research.
To achieve 2, Kyutech utilizes its English-based SEIC graduate degree curriculum 
that was launched in April 2013. The all-inclusive annual cost for a student to attend 
Kyutech is ∼$20-25K USD. Six foreign students per year from non-space faring 
countries are fully supported by the United Nations/Japan long-term PNST fellowship 
programme. SEIC is also open to non-fellowship students from any country and any 
4) For testing equipment purposes limited to 50cm in a given dimension and 50 kg in weight
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relevant background. A critical component of Kyutech’s model is to create mutually 
beneficial partnerships in which foreign institutions partially or fully fund candidates 
for SEIC.
To achieve 3, Kyutech works with partner institutions to sign Memorandums of 
Understanding (MOUs) pertaining to student/staff exchange and joint research, 
Double-Degree Program (DDP) agreements for joint long-term educational efforts, 
contracts for satellite testing, contracts related to launch opportunities with JAXA, or 
other official agreements. The objective is to create sustainable relationships and a 
Kyutech global network that does not over rely on external funding.
To achieve 4, Kyutech employs low-cost and fast-delivery satellite testing that is 
not possible for large-scale satellites but is possible for the growing class of small/lean 
satellites. This testing has been instrumental to the development of the standard 
ISO-19683/CD on small/lean satellite environment testing. The ISO standard is not 
yet published5) but in the meantime Kyutech follows the standard and encourages 
partners to do so as well. Multiple students and researchers in Kyutech’s laboratories 
are continually working to improve the standard and testing process. Domestic and 
international institutions are able to test small/lean satellites or train staff members 
in CeNT, for a fee.
 To achieve 5. Kyutech works with the JAXA Kibo Utilization Office for Asia to 
enable foreign institutions to launch nanosatellites from the ISS (International Space 
Station). JAXA requires that a given foreign institution have a Japanese partner to 
be eligible for extremely competitive launch costs.
3.1  Kyutech global network
 The five principal tasks listed above have been pursued worldwide by Kyutech 
since 2013. Kyutech’s global network for space-related capacity building extends to 
over 40 countries across six continents as of this writing. Collaboration status 
worldwide is totaled in Table 1.
5) Projected to be published in 2016
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Table 1: Kyutech worldwide collaboration status totals as of this writing
Local visits: 43
Agreements in progress: 10
Agreements official: 14
PNST students 21
Self-funded students: 26
 Table 2 gives the total number of Kyutech official agreements, pending agreements, 
local visits, PNST students, and self-funded students by region6). At present Africa 
and Southeast Asia are Kyutech’s strongest regions. Central/North America and 
South America are up-and-coming regions of Kyutech collaboration. Table 2 includes 
2015 PNST and self-funded students who are relatively certain to matriculate in 
October 2015.
Table 2: Kyutech collaboration status by region
AF ME CN SA EA SN SE EE OA Total
Local visits: 8 1 5 11 1 1 15 0 1 43
Agreements in progress: 3 0 2 2 1 0 1 0 1 10
Agreements official: 2 1 1 0 1 1 8 0 0 14
PNST students: 6 1 2 1 3 1 4 3 0 21
Self-funded students: 9 1 2 1 1 2 9 0 0 26
3.2  Importance of university speciality area
For a university to maintain a global capacity building network it is important to 
have a speciality area with broad appeal. Kyutech’s speciality with respect to small/
lean satellites is space environment testing. By definition satellites reaching orbit are 
subject to the space environment. Therefore a minimum requirement for any satellite 
project is space environment engineering or testing. Testing yields diminishing 
returns in defect detection rate and cumulative defects detected as a function of 
longer testing time [14]. In other words, the highest value testing occurs in the first 
testing segment. With properly targeted test selection even teams with extremely 
6) AF: Africa, ME: Middle East, CN: Central/North America, SA: South America, EA: Eastern Asia, 
SN: Southern Asia, SE: Southeast Asia, EE: Eastern Europe, OA: Oceania
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limited resources can markedly improve reliability and protect against infant 
mortality.
At Kyutech satellite testing is conducted in the Center for Nanosatellite Testing 
(CeNT). CeNT is capable of testing satellites and satellite components with size and 
weight up to 50cmx50cmx50cm and 50kg, respectively. Tests include vibration, shock, 
thermal vacuum, thermal cycling, electromagnetic compatibility, outgassing, and 
others. CeNT is leading small satellite testing in Japan. Approximately two-thirds of 
all Japanese small satellites and many foreign small satellites conduct environmental 
testing at CeNT. CeNT strives to provide low-cost fast-delivery satellite testing. This 
approach is beneﬁcial to both individual satellite projects and the community as a 
whole.
In general, a given university or academic center running a broad-scale capacity 
building network should have at least one speciality or focus area to attract a wide 
range of users and to compensate for possible lack of resources compared to government 
agencies, private companies, etc. If no such speciality area exists, entities may turn 
to “resource providers” that specialize in university projects, such as those found in 
[15] for satellite activities. 
3.3 Importance of national policy and international cooperation
The Government of Japan supports various elements of Kyutech’s capacity building 
project, including PNST fellowships through Monbukagakusho (MEXT), ISO 
standardization activities through the Ministry of Economy, Trade and Industry 
(METI), and the HORYU-IV nanosatellite project through the Japan Society for the 
Promotion of Science (JSPS). Also, UNOOSA supports and advocates internationally 
on behalf of the PNST fellowship programme.
3.4 United Nations/Japan long-term fellowship programme
To enable foreign students from non-space faring countries to participate in 
nanosatellite-based capacity building, UNOOSA and the Government of Japan in 
conjunction with Kyutech established a fellowship programme named Doctor on 
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Nano-Satellite Technologies (DNST) in 2011 to support two Doctorate students per 
year. In 2013 the fellowship program expanded to support up to six students per year 
(two Masters students and four Doctorate students) and was renamed Post-graduate 
study on Nano-Satellite Technologies (PNST). In 2013 there were 83 applications 
from 28 countries. In 2014 there were 120 applications from 55 countries. In 2015 
there were 45 applications from 22 countries. PNST will continue awarding six 
fellowships per year through at least 2017.
The joint UNOOSA-Japan objective is to establish indigenous capacity in basic 
space technology in non-space faring nations as the fellowship students return home. 
Full details can be found in [16–18]. Kyutech encourages foreign countries and 
institutions to send and support additional candidates in order to accelerate capacity 
building.
3.5 Space Engineering International Course (SEIC)
Kyutech’s Space Engineering International Course (SEIC) curriculum was launched 
in April 2013. SEIC is English based and requires two years for a Masters degree and 
three years for a Doctorate degree. SEIC is open to any student, Japanese or non-
Japanese, who registers as a full-time graduate student at the Graduate School of 
Engineering. SEIC consists of the following four components:
1. Research toward a Master or Doctoral degree
2. On-the-job training in space environment testing
3. Project-based learning through a space project
4. Lectures in English on space engineering
Students participating in Kyutech’s global capacity building project join SEIC. As 
of October 20147) there were 16 Japanese and 19 foreign students enrolled in SEIC. 
Countries represented were Algeria, Colombia, Egypt, France, Ghana, Indonesia, 
7) Foreign students typically matriculate in Octorber
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Mongolia, Nigeria (x2), Philippines, Romania, Singapore, Sudan, Ukraine (x2), and 
Vietnam (x4). Additional details on SEIC can be found in [17, 18].
3.6  Management team
Kyutech’s global space-related capacity building project is managed primarily 
by two members of LaSEINE, with support from the Faculty of Engineering and 
International Affairs Division. The PNST fellowship programme is managed by 
two members of LaSEINE and one person from UNOOSA. SEIC is managed by 
numerous professors across Kyutech’s engineering departments, with support from 
the university administration, Faculty of Engineering, and Dean of Engineering.
4  Importance of Lean Satellite deﬁnition
It is well-accepted that a GEO satellite is “large” and a CubeSat is “small”. However, 
for the growing class of satellites in between, and for CubeSats or other satellites that 
are adopting untraditional design approaches, a sized-based term such as “small” is 
ambiguous with respect to describing the category. In fact, for this growing category, 
design philosophy is rapidly changing. The category is characterized by small/micro/
nano/pico satellites utilizing unconventional processes to achieve low cost and fast 
delivery. “Large” satellites are not necessarily excluded from adopting a similar 
approach, but typically are unable to do so by virtue of their relatively high cost and 
heightened requirements. However, for these new unconventional satellites, reliability 
is a major issue. In some cases reduced reliability is inherent to the design, while in 
other cases reliability could be substantially improved with better engineering and
adequate testing.
 For educational, research and development, or scientiﬁc satellites that are 
unconventional, failure rates as high as 50% may be tolerable, if not satisfying. Yet, 
as this category of satellites is commercialized or used to initiate space programs, 
such failure is no longer acceptable. Low success rates jeopardize funding and 
generate signiﬁcant negative publicity. Numerous beneﬁts will follow from deﬁning 
the type of satellite that comprises this category and by establishing applicable
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testing standards.
 For example, facilitation of international trade, performance veriﬁcation on the 
ground, streamlined international collaboration, and improved reliability. The goal is 
to move from a high likelihood of infant mortality to a low likelihood of random failure 
[14]. Deﬁning requirements of satellites within this category will also be beneﬁcial to 
space debris and frequency allocation concerns.
A proposed term that captures the design philosophy is “lean satellite”. A formal 
deﬁnition of lean satellite is under development. The authors are secretary and co-
chair, respectively, of International Academy of Astronautics (IAA) Study Group 4.18 
“Deﬁnition and Requirements of Small Satellites Seeking Low-Cost and Fast-
Delivery”. The Study Group has determined that the name “lean satellite” captures 
the general idea of employing untraditional risk-taking satellite development 
approaches to achieve low-cost and fast-delivery with small teams. In October 2015 
the Study Group will produce a preliminary draft report8) containing an explanation 
of lean, lean satellite classiﬁcation methodology, and lean satellite requirements.
 The Study Group deﬁnition and classiﬁcation methodology will also clarify possible 
confusion related to the term “lean satellite” used in ISO-19683/CD “Space systems - 
Design Qualiﬁcation and Acceptance Tests of Lean Satellites and Units”. ISO-19683/
CD seeks to provide test methods and test requirements for design qualiﬁcation and/
or acceptance of lean satellites or units seeking low-cost and fast-delivery in an effort 
to improve lean satellite reliability to an acceptance level suitable for commercial 
investment. Please note that use of the term “Lean Satellites” in ISO-19683/CD is 
subject to change. ISO-19683/CD is projected to be published in 2016.
4.1  Lean satellites as capacity building tools
 As shown in Fig. 1, there has been explosive growth of small satellites launched 
since 201210. This trend presents new opportunities for emerging countries to access 
space. Many of these small satellites are also lean satellites, offering short development 
8) Open discussion on the preliminary draft to be held during 66th IAC in Jerusalem October 12-16 
2015
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times (order of many months to a few years), agile design and testing, and low-cost 
launch opportunities with respect to traditional satellites. However, infant mortality 
of small/lean satellites remains high (some estimates around 50% for university-led 
projects), jeopardizing commercial use and capacity building activities.
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Figure 1: Explosive growth in small satellite launches since 20129)
Kyutech strives to provide space environment testing and design techniques to the 
community in order to substantially improve mission success rates of future satellite 
projects. In doing so Kyutech utilizes laboratory research on practical satellite usage 
and testing standardizations to simultaneously train students and engineers while 
impacting the community as a whole. For example, Kyutech is planning to organize 
SEIC student cohorts starting from October 2015 to design, build, launch and operate 
multiple 1U lean CubeSats as educational tools under Masters or Doctoral study.
This approach creates ideal opportunities for emerging countries and institutions 
that may lack resources necessary to conduct traditional satellite missions to 
cooperate on lean satellite projects. For effective capacity building it is crucial to 
sustain the progress being made in technical skills, management skills, and space 
9) Source: Kyushu Institute of Technology
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engineering. Numerous new-generation space engineers are being produced in Japan 
and many other parts of the world. But, human resource development conditions in 
some countries are fragile. Proliferation of lean satellites is one attractive solution for 
new-generation space engineers to maintain contact, offer practical support, and 
generate funding while engaging in projects worldwide.
4.2  Global space utilization via lean satellites
Lean satellites are allowing new users worldwide to access and utilize space. Small 
or lean satellites employed in constellations offer the most signiﬁcant advantage of 
small/lean satellites applications over traditional satellites. For example, an 
equatorial constellation of ﬁve or six lean satellites could provide continuous surface 
coverage and continuous satellite-to-ground access in Earth’s equatorial latitudes. 
Such a constellation could be achieved on a single launch to a single orbital plane, 
drastically reducing launch cost.
Efforts are on-going at Kyutech and institutions throughout the world to accomplish 
the following with lean satellites:
- Mission/satellite architectures that serve global purpose
- Innovative methods to reduce development time
- Innovative methods to reduce cost
These endeavors will continually lower the barrier to space access, and allow new 
nations to utilize space for the beneﬁt of humanity.
5 Discussion on capacity building intent and alternative approaches
Space access has never before been so attainable for new space actors. In the past 
ﬁve years alone, 19 countries have achieved their ﬁrst satellite in orbit. By the end of 
this decade, that number will likely be over 30 [1]. The contribution by small and lean 
satellites is shown in Table 3. The ﬁrst satellite achieved is increasingly of the small/
lean type. About ∼50% of maiden satellites launched so far this decade have been 
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domestically self-developed. In the 1990s and 2000s this rate was around 25% [1]. 
Capacity building effects are clearly present is this trend. It is worth considering the 
intent of capacity building, and advantages and disadvantages of various 
approaches.
Table 3:  Maiden satellite type by decade
1990s 2000s 2010s Total
Small/lean: 2 3 8 13
Traditional: 14 10 11 35
5.1 Intent of space-related capacity building and human resource development
The intent of space-related capacity building and human resource development is 
self-sustainability. Self-sustainability requires not only prerequisite technical skills 
and a critical mass of suitable personnel, but also vision. Successful capacity building 
must impart perspective and long-term planning with respect to space activities, if 
previously lacking in the local cohort. To achieve the stated intent, models should 
consist of numerous aspects, including but not limited to a combination of the 
following:
1. Theoretical and hands-on training in necessary space-engineering technical 
skills and  design
2. Project cycle experience including design, development, veriﬁcation, launch, 
and operation
3. Project management experience resulting in competence to manage projects 
autonomously
4. Business model fundamentals and the ability to pitch space projects to 
funding sources 
5. Understanding of minimum required infrastructure for different levels of 
space activity 
6. Empowering individuals to initiate space projects from scratch 
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7. Imparting creativity to make programs less dependent upon government 
policy
8. Imparting “no excuses” mentality
9. Imparting vision and inspiration
Capacity building and human resource development must take place either within 
a given country or abroad. Typically, a combination of the two is most effective. There 
must be at least one domestic institution to foster projects and human resources. In 
most cases the initial training is obtained through contact with international 
entities.
5.2  Advantages and disadvantages of alternative approaches
The primary focus thus far as been on Kyutech’s university-based capacity building 
model from the trainer perspective. From the trainee perspective, emerging countries 
must consider both the domestic fostering environment and the external training 
environment. The fostering environment typically falls into one of three categories, 
as does the training environment: agency-based, company-based, or university-based. 
We attempt to identify advantages and disadvantages of all three common approaches 
for both the fostering environment and the training environment from the trainee 
standpoint.
5.2.1  Agency-based
 There are numerous examples of emerging countries using agencies to foster their 
space programs, such as the Bolivian Space Agency (ABE) in Bolivia and the National 
Space Research and Development Agency (NASRDA) in Nigeria. Established space 
agencies such as NASA, ESA, JAXA, etc. offer training. Advantages and disadvantages 
for the agency-based fostering and training environments, respectively, are shown in 
Fig. 2.
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Figure 2: Agency-based advantages and disadvantages
5.2.2 Company-based
Space programs can be fostered at public companies, such as RENATELSAT in the 
Democratic Republic of the Congo, or at private companies, such as Sequoia Space in 
Colombia. Examples of companies providing training include the China Great Wall 
Industry Corporation (CGWIC) in China and Thales Alenia Space of France and 
Italy. Surrey Satellite Technology Ltd (SSTL), a spin-off company from the University 
of Surrey, self-reports having caused six space programs to “emerge.” Advantages 
and disadvantages for the company-based fostering and training environments, 
respectively, are shown in Fig. 3.
5.2.3  University-based
 In some countries universities are fostering space programs. For example, Nanyang 
Technological Univesrity (NTU) and National University of Singapore (NUS) in 
Singapore, and the Costa Rica Institute of Technology (TEC) in Costa Rica. Universities 
offering degree-based space engineering training include Kyutech in Japan, University 
of Surrey in the U.K., Cape Peninsula University of Technology (CPUT) in South 
Africa, Beihang University in China, and others. Advantages and disadvantages for 
the university-based fostering and training environments, respectively, are shown in 
Fig. 4.
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Figure 3:  Company-based advantages and disadvantages
Figure 4:  University -based advantages and disadvantages
5.2.4  Other approaches
Other possible approaches include but are not limited to philanthropic endeavors, 
amateur radio clubs, crowd funding, open-source information sharing, and other 
activities carried out by space entities.
5.2.5  Combining approaches
 Please note that approaches are not mutually exclusive of one another. In many 
cases the “best” approach may be to combine or hedge with multiple capacity building 
models simultaneously, such as in the case of the United Arab Emirates (UAE). The 
UAE has launched at least seven satellites (two to LEO and ﬁve to GEO) [19]. The 
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two LEO satellites were launched by the Emirates Institution for Advanced Science 
and Technology (EIAST), three GEO satellites have been launched by Thuraya, and 
two GEO satellites have been launched by Yahsat. The ﬁrst satellite, Thuraya 1, was 
developed by Boeing and launched in 2000 [8]. An approximately 45 member team 
from EIAST spent eight years (2006 to 2014) in South Korea under a capacity building 
project developing DubaiSat-1 and -2 with Satrec Initiative. In 2015 the UAE opened 
the Mohammed bin Rashid Space Centre to manage phases of UAE’s probe exploration 
mission to Mars and to contribute to space science and satellite projects. In parallel, 
EIAST is coordinating CubeSat projects with domestic universities. Substantial 
funding and political support is necessary to simultaneously pursue multiple 
approaches.
5.3  Optimal capacity building approach
An optimal capacity building approach should achieve as many aspects as possible 
from 1 to 9 as given in Sec. 5.1 within a reasonable time period at attainable cost. 
Naturally, the optimal approach may vary drastically from one institution to the 
next. However, for emerging countries striving to achieve self-sustainable space 
programs with limited resources, as a ﬁrst step we recommend a university-based 
fostering environment in conjunction with an external university-based training 
environment.
As shown in Table 3, pilot satellite projects are trending to small/lean. The entire 
project cycle from initial design to operation in orbit can be achieved within two years 
or less, well-matching typical Master degree timelines. Under this approach, the 
timeframe of capacity building can be synced with the natural academic cycle and 
pipelines can be established to feed the local workforce. The academic training 
program can be tailored to include real mission project management, business model 
fundamentals, and funding acquisition practice. Furthermore, start-up cost and labor 
cost to the fostering university is minimized, and academic funding is likely to be less 
dependent on government policy than direct space agency allocations. Under this 
approach the fostering university can build and launch a satellite with limited funds. 
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This first small/lean satellite is only a single milestone, albeit a decisive one, in 
strategic space/satellite program development. The long-term (∼10 year) plan is 
governed by the end goals and needs of the country. For these objectives a steady 
supply of competent human resources is required. This model continuously provides 
said resources. The external university-based training program contributes directly 
to technical skills and indirectly or directly to leadership, systems engineering, and 
project management. Participants learn to initiate and autonomously manage projects 
that have strategic goals.
To ultimately convince the fostering government to pursue a dedicated space/
satellite program, there must be at least one or two leaders who demonstrate satellite 
projects and push government officials. A university is a neutral, academic institution 
that can conduct first-generation satellite activities and form the core. The crucial 
point is that a satellite can be delivered to orbit with limited resources by individuals 
from the home country and the working culture will be established.
6 Conclusion
 Kyutech’s space-related capacity building project has expanded considerably since 
2013 in response to a growing trend and worldwide demand for small/lean satellite 
technology and space engineers in emerging and non-space faring countries. Kyutech’s 
model utilizes practical satellite projects and hands-on satellite testing to educate 
students and engineers from regions worldwide. Kyutech’s Space Engineering 
International Course (SEIC) is based in English and designed to empower individuals 
to lead or start satellite projects in their home countries. 
UNOOSA and the Japanese government provide substantial support for Kyutech’s 
capacity building project. In addition to training PNST and self-funded students, 
Kyutech will continue to visit space-related institutions worldwide, seek capacity-
building agreements, develop low-cost fast-delivery small/lean satellite testing, and 
provide assistance with launch opportunities. The authors advocate that emerging 
countries with nonexistent space programs and limited resources foster the first 
satellite project in a university-based environment with an external university-based 
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training partner. Under this model the pilot satellite stands to increase the likelihood 
of both project success and program sustainability in the long-term.
 Kyutech is working with noted space policy expert Dr. Danielle Wood of Johns 
Hopkins University to evaluate and critique SEIC and Kyutech’s global space-related 
capacity building network. Primary objectives are to formally assess effectiveness 
and determine methods to heighten impact and contribution to the global space 
community.
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